Abstract: We provide the first report of the frequency of leucism for a species of Neotropical bat. Leucism is an anomaly of the skin pigmentation of an animal that manifests itself as the total or partial loss of the natural color of the species, and can affect part of or the entire body. During a study involving capture and marking individuals of a population of A. geoffroyi residing in a cave in the Brazilian state of Minas Gerais, seven individuals with some degree of depigmentation were recorded out of 616 individuals marked, for a frequency of 1.1%. Since leucism is due to recessive gene expression, these findings may indicate that the population is isolated and possesses a high level of endogamy. Factors that may be responsible for this condition in the studied population remain unknown.
Introduction
Leucism is an anomaly of the pigmentation of the skin of animals and manifests itself as the total or partial loss of the natural color of the species, and can affect parts of or the entire body of an individual (Miller 2005; Acevedo & Aguayo 2008) . Differing from albinism, in which individuals have red eyes due to the total lack of pigmentation, leucistic individuals retain their normal eye color but exhibit hypopigmentation in the pelage, which can be partial or total (Fertl & Rosel 2002; Marín-Vasquez et al. 2010; Abreu et al. 2013) .
The occurrence of pigmentation anomalies in wild populations is apparently rare (Walter 1914; Sánchez-Hernández et al. 2010; Talamoni et al. 2017) . The low frequency of these phenotypes is attributed to the higher susceptibility of these animals to predation (Sazima & Di-Bernardo 1991; Parsons & Bonderup-Nielsen 1995) . According to Walter (1938) , only one in every 20,000 individuals has some form of albinism. Pigmentation abnormalities have been recorded in fish, reptiles, birds and mammals (Uieda 2000 , Abreu et al. 2013 ; such abnormalities occur more frequently in small and isolated populations due to inbreeding, which increases the likelihood that recessive alleles are expressed (Bensch et al. 2000) .
There have been several recent reports of leucism for phyllostomid bats (Boada & Tirira 2010; Marín-Vasquez et al. 2010; Medina & López 2010; Sánchez-Hernández et al. 2010; García-Morales et al. 2012; López-Wilchis & Galván 2012; Rocha et al. 2013; Treitler et al. 2013; Brito & Leon 2014; Trujillo & Barahona 2014; Biassi et al. 2017) , molossid bats (Caire & Thies 1988; Barquez et al. 2003; Geiger & Pacheco 2006) , and vespertilionid bats (Barquez et al. 2003; Idoeta et al. 2011) . Nonetheless, even though microchiropterans represent a group with the second greatest number of reported cases of leucism among Neotropical mammals (Abreu et al. 2013) , there remains a lack of studies addressing the factors related to its occurrence in bats. Complete depigmentation of the skin, or albinism, in Anoura geoffroyi (Gray, 1838) has been reported in Trinidad and Tobago in the southern Caribbean, where a young individual was observed inside a cave (Hargreaves 2013) . Although, in this case, the author does not present population data or number of individuals collected. Herein, we provide the first report of the frequency of partial hypopigmentation for a bat colony, using a small cave in an iron formation in the Quadrilátero Ferrífero (Iron Quadrangle) in Southeast Brazil as a diurnal roost, which was be monitored with the mark-recapture method.
Material and Methods
The studied colony utilizes the cave MJ-05 .07"W -1.072m a.s.l), located in the municipality of Brumadinho, in the metropolitan area of Belo Horizonte, state of Minas Gerais, Brazil (Figure 1 ). The municipality of Brumadinho is located in the Quadrilátero Ferrífero (Iron Quadrangle), which is considered one of the most important mineral provinces in the country mainly due to its gold and iron deposits (Dorr 1969) . The climate of the region is of the Cwb type, and classified as subtropical at altitude, with dry winters and rainy summers (Ribas 2010) . The municipality is located in a region dominated by semideciduous seasonal forests, high-montane fields and campos rupestres (rupestrian grasslands) (Markus 2003) . Captures were performed only in the cave MJ-05 between March 2017 and February 2018, during monthly daytime visits to the roost that lasted 8 hours each for a total of 12 field days and 96 hours of captures. Bats were captured using a 2-m long retractable rod. The captured bats were marked with an aluminum band coupled to a necklace. The bands were sequentially numbered with the number preceded by AR to facilitate the identification of individuals in the case of recapture. The captured individuals were weighed, measured, marked and released.
All of the procedures performed during the work were authorized by Instituto Chico Mendes de Conservação da Biodiversidade (ICMBio) issued by SISBio (#55700/2). The handling of the animals was also licensed by the Comissão de Ética no Uso de Animais (#019/2016). Voucher material was deposited in the reference collection of the mastozoology laboratory of Pontifícia Universidade Católica de Minas Gerais.
Results and Discussion
A total of 616 individuals of Anoura geoffroyi were captured, of which seven individuals exhibited patches of hypopigmentation characteristic of leucism, representing 1.1% of the population. The leucistic individuals were captured in April, June, July, September, October and November and comprised four males and three females (Table 1) . These bats were examined, marked and had their patches photographed, and then were released in the cave, with the exception of the individual that was sacrificed and kept as a voucher specimen (MZ694).
The leucistic individual AR076 had depigmentation on the patagium between metacarpals III and V ( Figure 2A) ; the individual AR121 had greater depigmentation at the base of the right ear, tragus and rostrum ( Figure 2B ). The voucher specimen had more evident depigmentation, encompassing both ears, a region on both forearms and in the plagiopatagium near the body (Figure 2C and  D) . The individuals AR205, AR300, AR323 ( Figure 2E ) and AR361 exhibited depigmentation of parts of the patagium and the extremity of the wing. Among these individuals, AR300 possessed many spots of depigmentation, with several small white spots on both wings ( Figure 2F) . This is the first case of leucism formally reported for this species in Brazil. Reports of hypopigmentation in bats are usually sporadic, and are usually obtained by chance during chiropteran surveys (Geiser & Pacheco 2006; Rocha et al. 2013; Biassi et al. 2017) .
Under normal conditions, albino mammals are negatively selected because they are more visible to predators (Parsons & Bondrup-Nielsen 1995) . The greater vulnerability of albino animals to predation (Parsons & Bondrup-Nielsen 1995; Uieda 2000) can be extrapolated, to some degree, to other types of hypopigmentation, since such individuals possess, to a lesser or greater extent, physical characteristics that make them more visible.
The nocturnal behavior of bats may make them relatively less vulnerable to predation than most diurnal animals, although individuals affected by the mutation are more visible in their diurnal roosts than other bats . Individuals affected by melanic mutations seek shelter in caves, mines, galleries and buildings in order to reduce predation pressure (Uieda 2000) . Cave-dwelling behavior, as observed in the present study, may be essential for the survival of bats with depigmentation, since these environments provide protection against sunlight, water loss and visually oriented predators (Uieda 2000; Buys, Hejligers & Dorenbosch 2002) .
Studies carried out with birds found that individuals with leucism and albinism have relatively shorter life spans in nature compared to normal individuals, since they are more frequently found by predators due to their attractive and distinct color (Santos 1981; Collins 2003) .
Corroborating these studies, Sazima & Di-Bernardo (1991) observed that cases of hypopigmentation are recorded more frequently in nocturnal species, cryptic species or species that are somehow protected from diurnal and visually oriented predators, which may explain the relatively high incidence of anomalous color patches in bats, as previously reported (Abreu et al. 2013) .
Depigmentation in mammals represents a disadvantage in various ecological and biological contexts (Caro 2005) . In addition to making mutated animals more susceptible to predation, depigmentation also hinders intraspecific communication and recognition and, in some cases, causes these individuals to be removed from social groups (Caro 2005) . In the present study, we did not observe behaviors of exclusion of the leucistic individuals, and they were always captured amongst other bats that did not possess any such anomaly.
We observed that 1.1% of the population had some degree of depigmentation, which greatly exceeds the degree of rarity reported by Walter (1938) for albinism. According to this author, only one in 20,000 individuals may possess some form of albinism. Thus, we can assume that our results indicate a relatively high degree of anomalous coloration in the studied population, although no genetic study could be found that could give some kind of foundation. Considering that leucism is due to recessive gene expression (Møller & Moussaeu 2001) , our results suggest that the studied population is isolated and that endogamy is occurring, as previously observed for birds by Bensch et al. (2000) .
It is necessary to know the reasons that cause the appearance of these genetic anomalies of pelage coloration and their consequences for the affected individuals (Chacón et al. 2015) . The need for genetic studies aimed to better understand these anomalies is in contrast to the low number of reports in Neotropical mammals in general (Abreu et al. 2013) . Therefore, it is important that researchers report the occurrence of coloration anomalies in order to have a true dimension of the number of animals affected and thus facilitate the search for the causes and consequences of this phenomenon in bats and mammals in general (García-Morales et al. 2010 ).
Finally, it should be noted that the studied colony is located in an area of influence of mining activity. These areas suffer from severe impacts such as habitat suppression that may increase the isolation levels of bat populations occurring at these sites. In addition, these populations may be subject to more drastic impacts, such as the recent dam rupture at the Córrego do Feijão mine in the municipality of Brumadinho, located approximately 5 kilometers from the MJ-05 cave. Fortunately this rupture did not affect the shelter of the studied colony. However, for this population, the effects of the environmental destruction caused in the region can only be evaluated in future studies.
